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I. INTRODUCTION 



^ : 

^p^. The excited states of the nucleon and their strong interactions with various hadrons play an important role in our 
^ i' understanding of non-perturbative QCD. Generally speaking, their coupling with the pseudoscalar pion, kaon and eta 
D is governed by chiral dynamics. The first excited state of the nucleon, = 3/2+ A(1232), belongs to the lightest 
/ ■ decuplet. It is degenerate with the nucleon in the large Nc limit [Hill- From the strong decay widths, one can extract 
[ the coupling constants of the pseudoscalar meson decuplet baryon interaction. Although it may be quite difficult to 
PsJ i measure their scattering lengths experimentally, unlike in the pion- nucleon and kaon- nucleon cases it is still 

I> ' interesting to study the scattering processes theoretically. 

As two well-known non-perturbative approaches of QCD at low energy, chiral perturbation theory and lattice QCD 
' ' ' have been widely used in studying meson-baryon interactions (6l-[l3|. With the explicitly consistent power counting 
scheme, the heavy baryon chiral perturbation theory (HBxPT) is a practical and useful tool in the study of the meson 
• ' baryon scattering. The expansion is organized with p/A^, where p represents the momentum (mass) of the meson or 
[ the small residue momentum of the baryon in the non-relativistic limit, and A^ = 4:71/-^ is the scale of chiral symmetry 
!^ . breaking. Numerically it is around the baryon mass in the chiral limit. Because of the large mass of the strange 
' quark, the chiral corrections from the kaon and eta meson loops are significantly larger than that from the pion loop, 
which leads to the worse convergence of the chiral expansion in the SU(3) case. 

In HB^PT, the effects of excited baryons are encoded in the unknown low energy constants (LECs) in the La- 
grangians. In the large Nc limit, one expects that the inclusion of the decuplet baryon contribution may partially 
; ^ ■ cancel the octet contribution and be helpful to the chiral expansion. In order to investigate the contributions of the A, 
[ HBxPT with explicit spin-3/2 baryons and the small-scale expansion scheme have been developed in Refs. [isl IT6|. 
Now the expansion is organized with e, where e means p in HB^PT or the mass difference S between A and the 
nucleon in the chiral limit, which is widely used in the exploration of the decuplet related processes ^-[Hl- There 
exists another power counting scheme expansion" in the two- flavor case, where m.^- scales as 6^ |23 - l25l |. 

In our previous work ^| , we studied the decuplet contributions to the pseudoscalar meson octet baryon scattering 
lengths, which is an important observable reflecting their strong interaction near the threshold. The inclusion of 
the decuplet baryons does not improve the convergence significantly. In this paper, we will study the scattering 
lengths of the pseudoscalar mesons and the light decuplet baryons in the framework of the SU(3) heavy baryon chiral 
perturbation theory with explicit decuplet baryons. We will explore whether the small scale expansion works well in 
this case. 
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This paper is organized as follows. We present the basic notations and definitions in Sec. |TT1 In Sec. IIIIl we list 
the chiral corrections to the threshold T-matrices of the meson decuplet baryon scattering, which contains our main 
results. The LECs are estimated in Sec. HVl Finally, we give the numerical results and our discussions in Sec. |Vl 



II. LAGRANGIANS 



In the heavy baryon formalism, the chiral Lagrangians at the leading order are, 



(2) 
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Here / is the decay constant of the pseudoscalar meson in the chiral limit, v is the velocity of the baryon, is the 
spin operator, and 5 is the mass difference between A and the nucleon. For the coupling constants, D + F = gA = 1-26 
where is the axial vector coupling constant, \C\ = 1.5, and \T-L\ = 1.9. The D and F terms do not contribute to 
the threshold amplitudes we calculate. The superscript in the Lagrangians represents the corresponding chiral order. 
The notations for the fields read 
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The HBxPT Lagrangians consist of two parts at higher order [3J]: the recoil corrections and counter terms. The 
former part comes from the lower order relativistic chiral Lagrangians. The counter terms contain LECs and are 
constructed with respect to QCD symmetries. To O(e^), the following high order Lagrangians contribute in our 
calculation, 



(2) 
<j>BT 



,(3) 
-<pBT 



'ijk 
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^f',y'=t; • u,- %iv D + S)v ■ u, 'r^. 



+ {h4f^X+iv ■ DT'^ + h.c.) + ih,f;"'X-^■'v ■ + h.c.)] , 



h3TT{u^Up)Tf'v''iDPT^ 



(10) 



where x± = x± ~ 3Tr(x±) and M is the mass of the nucleon. In principle, the unknown coefficients in the Lagrangins 
could be determined from either QCD or the experimental measurements. Due to the difficulty in the non-perturbative 
region of QCD and the lack of experimental data, we will resort to the resonance saturation method when estimating 
LECs [13. 
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III. THE T-MATRICES AT THRESHOLDS 

The total S-wave scattering cross section near the threshold can be expressed in terms of the scattering length. It 
can also be calculated directly using the threshold T-matrix TpT- To ensure the same total cross section in quantum 
mechanics, the scattering length apT is related with the threshold T-matrix Tpp: Tpj' = 47r(l + ^^)apTj where mp 
and Mt are the masses of the pseudoscalar meson and the light decuplet baryon respectively. We use a convention that 
apT > {apT < 0) if the interaction is attractive (repulsive). There are 27 independent isospin invariant amplitudes 
for the octet meson-decuplet baryon interactions. We list their explicit expressions in the following subsections. One 
may get any other amplitudes with the help of the isospin symmetry. 

The first two order T- matrices are easy to derive from the Lagrangians ^ and At the third order, loop 
corrections enter. There are 18 non-vanishing diagrams contributing to the threshold amplitudes, which are shown 
in Fig. [TJ We calculate the loop integrations with the dimensional regularization and modified minimal subtraction. 
The divergences from the loops can be absorbed through the LECs hi, 

hi=C^L + hl, h2 = \c''L + hl, -Ic^L + hl, hi^lc^L + hl, h5^~^L + hl, (11) 

2 do 4 

where 

^^|-^^ + ^(7B-l-ln4^)|, (Euler constant 7£ = 0.5772157), (12) 

and A is the scale from the dimensional regularization. To make the final expressions short, we introduce a constant 
and two functions. 



A ^2 ^ ' ° A 
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rrir 



+(m2 - ml)5 } , (13) 
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-\Jrn? — uS^ cos ^ (— — ) ™^ > ^ 

n™^.) = ^^-^-^^V^^^log«- . n.2<.2,,<o. (15) 



V^j2r^ (- log ^^^^^^^ + ivr) m^<u?,uj>^ 



A. Pion-decuplet scattering 

There are 9 independent T-matrices for the pion scattering due to the isospin symmetry. At the leading chiral order 
0(e), only the simplest tree diagram from the Weinberg- Tomozawa terms is involved, 

^(5/2) ^ 3m^ ^(3/2)^^7^ (1/2) ^ 5to^ (2) ^ jm^L 7^(1) ^ ™^ 

ttA q ^^2 ' ttA f2 ' ttA o r2 ' ttS* f2 ' ttS* f2 ' 

(0)_2m^ (3/2) (1/2) T(i)-n nfi^ 

-'ttS* — .•2 ' ^ttH' — 9f2' ^ttS* — ^2 ' ^'ttO " V^"/ 

where the superscript in the bracket represents the total isospin of the channel and is the renormalized pion decay 
constant (similar to Jk, jr] in the following text). Since we express the T-matrices with rather than /, the difi'erence 
is of order 0[e'). 

The results at O(e^) also come from the tree diagram, 

^(5/2) _ m^(3J2 + 6^3 - 4^4) (3/2) _ TO^(5Ji -f- 3J2 + 6^3 - 4(j4) (1/2) _ mljidi - 3^2 - 6^3 + 4^4) 

- QJ2 ' ^A - Qj-2 ' xA - QJ2 



FIG. 1: Non-vanishing loop diagrams for the pscudoscalar rncson-light dccuplct baryon scattering lengths to 0(c'^) in HBxPT 
with explicit A. Dashed lines, solid lines and double solid line represent Goldstone bosons, octet baryons and decuplet baryons, 
respectively. 



(2) ^ ml{d2 + Sd3) (1) ^ mljdi + d2 + Sda) (o) ^ m^(3di - 2^2 - 6^3) 

^(3/2) ^ ml{d2 + Gds + Mi) (1/2) ^ m^(J2 + 6^3 + Mj) (i) ^ _m|(3d3_+4d4) , . 

6/1 ' 6/2 ' 3/2 ' ^ 

where 

dr=dr + ^, d2 = d2 + ^. (18) 

At 0{e^), the T-matrices contain both loop and tree diagram contributions. Moreover, they receive contributions 
from the replacement of / with /^ in the O(e^) magnitude. Just for the simplicity of the writing and the reuse of the 
expressions at 0{e^), we divide T into two parts at this order, 

T = f + T2. (19) 



One obtains T2 from the O(e^) T-matrices (IT7|) with the fohowing replacements 
T are Usted below, 
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B. Kaon-decuplet scattering 

At the leading order, there are 14 independent T-matrices, which are 

(2) _ _3mK (1) _ rriK (3/2) (1/2) _ rriK (1) _ 

^KA — 2/2 ' KA ~ 2/2 ' ~ 2/2 ' ~ j2 ' KH* ~ 2/2 ' 
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At the next leading order, we have 
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At the next-next leading order, we just list T here. One may get the total T-matrices from Eqs. ([T9| and pO|) . 
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3 13 Tit/ 

1 /It, ™3 



1 2 Txr/ N 4/i5mi- 



1 2 ^ 8/i5m|. 
--mjiWimr,) ^j^, 

^12967r/|.(rn^ + m,) ^ 25927r/|. ^6 g^ ™^ 3/|. ' 

(25) 

C. Eta-decuplet scattering 

Eta and decuplet-baryon T-matrices start at the second chiral order, 



(3/2) _ {di +d2 + 6^3 + Mi)m'^ 2dim\ (i) _ (rfi - 2J2 - 6^3)™^ 
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At the third order, we have 



m(3/2) 9 2 X 9 2 x 5^27713 bH'^m\m„ ■im'^m.„ml 257^2^3 i 
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--TO^VF(mif) - — m2 VF(m^) + — 
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= -I^^(-^.— .) - Y^^(-l.,-.) + ^ - + - (27) 

We have checked that our results satisfy the SU{3) symmetry and the crossing symmetry. Moreover, we have 
calculated the T-matrices of all 80 channels explicitly. 
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IV. LOW-ENERGY CONSTANTS 



Before the numerical calculation, we have to determine the coupling constants in the Lagrangian. For those in the 
leading order, we use [H, [sJl 

= 139.57 MeV, tuk = 493.68 MeV, = 547.75 MeV, S = 294 MeV, 

U = 92.4 MeV, Jk = 113 MeV, = 1.2/;^, 

C = -1.5, -^ = -1.9. (28) 
At the second chiral order, d4 could be determined from the mass splitting of the light decuplet, 

^ 3(m^ - ^ 0.51 GeV-^ (29) 

Other LECs can not be determined from the available experimental data. Thus we try to estimate them with the 
resonance saturation method, which was originally used in the meson case (3^ and applied to the pion nucleon 
interaction latter According to this method, the effects from higher resonances are encoded in the LECs. Here 
we consider contributions from baryon resonances below 1.6 GeV and ignore contributions from higher baryons. 

The first baryon multiplet contributing to LECs is the = 3/2~ octet, which contains 7V(1520), A(1690), i;(1670), 
and S(1820). We simply denote it as N^^2o here. The relevant interacting Lagrangian is 

-^^1520 = ^Gn (i520}{N^52o'i^Tf, - T^yA^fsao)- (30) 

For the complete relativistic Lagrangian, additional terms may be constructed according to the point transformation 
[28j . Because we are considering the case at threshold and the external baryons are on shell, such terms do not 
contribute and we ignore them here. By integrating out A^i520i one gets 

The = 3/2+ decuplet containing A(1600) is the lightest one contributing to LECs, and is denoted as Tigoo here. 
The interacting Lagrangian reads 

-^Tieoo = G'a(1600)(T'i'600'!^75'7)i +T'^?^75T'l600p)- (32) 

The contribution to LECs may be derived from the resultant effective term. 

Recall the fact that the time component of the on-shell Rarita-Schwinger field vanishes in the static limit, there is 
no chiral coupling with J = 1/2 baryon and pion at threshold. For the ttA^ interaction i2_7j, both the intermediate 
A and A^* baryons contribute to LECs because they are off-shell. In the present case, the external J = 3/2 baryon 
is on-shell and static and the intermediate excited J = 1/2 baryons do not contribute. As a result, we only need to 
consider the intermediate J = 3/2 baryons. 

Besides the baryon resonances, the scalar meson a would also contribute to LECs through t-channel. From the 
Lagrangians, 

CoTXTx = Cd Tr(M • u)cr -I- Cm Tr(x+)cr, 

/:.AA - 9a%T>'(T, (34) 

we get 

C:^-{^^-^^)Tv{vuvu)%T>^. (35) 

"^600 "^600 

Similarly, the scalar octet containing k(800), ao(980) and /o(980) may also be considered. We denote it as k. The 
corresponding Lagrangians are 

-Ck^tt = CdTr(u • uk) + c„Tr(x+K), 
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-Ckaa = 5kT^kT'', (36) 

from which one obtains 

-C^ff - '^fj^^'v -urv - ^Tr{v -uv u)f,T^ + ^T,x+T^ (37) 

TOgQQ «J"*800 "^800 

In the pion-nucleon case, the vector meson p does not contribute because the contraction of the p-meson propagator 
with the corresponding ptttt matrix element vanishes in the forward direction [27*1. Here the vector mesons do not 
contribute because of the same reason. 

Adding the above effective Lagrangians (I5T|) . ([55]) . ([55)1 . and ([57)1 together, we have 

= ( -^ki^ + JGi, \ 

V mi520 - TOA 3(mi600 + toa) / ' ^ 



'-^A(1600) '-'Af(1520) '^fJuCd 



3(mi6oo + "^a) TO1520 - m.A 



— 2 ] Tr{v ■ u V ■ u)T^T'' + — ^ — T^X+T^ ■ (38) 



Now one estimates the LECs by comparing it with the Lagrangian 



^2 9^2 /-2 /-2 „ 

'-^Af(1520) ^'-^A(1600) , _ *-^A(1600) '-^Ar(1520) ^g^Q 



"11520 - rriA 3(mi6oo + "^A) ' 3(mi6oo + wa) mi52o - wa ' m 



800 



25<TC<i S^crCm 23^0^ 25„c„ 



«3 - "zi z:2 ^jz:2— ' «4 = -^2 — • (39) 



"^600 '^600 "^rriggQ '"soo 
It is not difhcult to determine the coupling constant Gjv(i520) according to the decay width. From the Lagrangian 
(|30l) and the decay to ttA, one deduces 

^2 ^ 367rr(jV(1520) ^ A7r)mi52omi/,^ 

^(''2°) |p<i|(mi520 -mA)2(£;A+mA)(2i?i + 2i?AmA + 5mi)- ^ ^ 

Here p^; is the decay momentum, E^^ — yj + , and £'a = -v/Pd"^ + "^a- From the PDG [s^ , one derives 

G^(i520) ^o.27GeV-i. (41) 



nT-1520 - rriA 

With the same procedure, we derive the coupling constant Ga(i600)j 

gi(i600) ^ 46 G,v-i. (42) 

m-1600 + WA 

For the coupling constants Cd and Cm, we use [s^ 

|cd| = 3.2 X 10^2 GeV, |c„| = 4.2 x 10"^ GeV, c^c™ > 0. (43) 

Although there is no empirical value of one may estimate it by comparing obtained with the resonance saturation 
method in ([M)) with that from the mass splitting in (P^ . 

|5«|=3.9, 5^c™>0. (44) 

In addition, the coupling constants should obey the nonet relations in the large Nc limit, 

c c c 

By combining the above relations, the estimated LECs at O(e^) are 

di=0.58GeV"\ ^2 = 0.28 GeV-\ = -1.11 GeV"\ ^4 = 0.51 GeV"^ (46) 

In a similar way, one may consider the high order corrections and estimate the 0{e^) LECs hi-h^. Due to the 
uncertainty of this method, we tend to neglect these counter terms in the following calculation. This assumption was 
adopted in the study of the meson-baryon scattering lengths in Refs. [1, H^. The counter terms of the ttN scattering 
lengths are found to be much smaller than the loop contributions at this order in Ref. [l^]. However, to explore the 
orders of the counter terms, we have made a very crude estimate about these LECs hi-h^, which are collected in the 
Appendix [X] 
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TABLE I: Pion-light decuplet baryon threshold T-matrices order by order in unit of fm. 





0{e') 






Total 


Scattering Length 




-4.84 


0.445 


-1.37 


-5.76 


-0.412 


7.(3/2) 


3.23 


-0.253 


-0.901-1. 02i 


2.07-1.02i 


0.148-0.0728i 


7.(1/2) 
-'-ttA 


8.06 


1. 


1.44+0. 814i 


10.5-l-0.814i 


0.7514-0.05821 


rp(2) 


-3.23 


0.361 


-2.52-0.102i 


-5.38-0. 102j 


-0.389-0.007361 


rpW 

^ttE* 


3.23 


0.0819 


-1.8-0.509i 


1.51-0.509i 


0.109-0.0368Z 


7.(0) 


6.45 


0.781 


-0.412-H0.509i 


6.82-h0.509i 


0.493-h0.0368i 


y{3/2) 


-1.61 


0.277 


-2.69-0. 102i 


-4.02-0. 102j 


-0.293-0.007421 


yTr/2) 


3.23 


0.277 


-1.89-0.102i 


1.61-0.102i 


0. 118-0. 00742i 


7.(1) 





0.194 


-1.87 


-1.68 


-0.123 



TABLE II: Kaon-light decuplet baryon threshold T-matrices order by order in unit of fm. 





0{e') 


0(6^) 


0{e^) 


Total 


Scattering Length 


7.(2) 


-11.4 


3.73 


-9.27 


-17. 


-0.965 


7.(1) 
^KA 


3.81 


0.917 


3.67 


8.4 


0.477 


7.(3/2) 
-'ifE* 


-3.81 


1.39 


-9.U+6.77i 


-11.9+6.77j 


-0.696-h0.397i 


7,(1/2) 


7.63 


2.79 


10.H-11.5i 


20.5-fll.5i 


1.2-h0.673i 


7.(1) 


3.81 


1.39 


-3.22-hl0.9z 


1.98-hl0.9i 


0.119-H0.658i 


7,(0) 


11.4 


4.66 


16A+n.2i 


32.5-H7.2i 


1.95-fl.04j 


7.(1/2) 
^KU 


11.4 


3.73 


9.4-hl2.5i 


24.6-H2.5i 


1.51-H0.768i 



L62 -2.85+8.34j -1.23-H8.34i -0.0697-f 0.474i 

T^j^ 15.3 4.43 14.6-f2.78i 34.3-l-2.78i 1.95+0.158i 

T^^' -3.81 2.32 -4.01-Hl.3i -5.5-H1.3i -0.323+0.662i 

T^]p 7.63 0.92 -0.775-f2.42i 7.77-h2.42i 0.456-f 0.142i 

-7.63 3.02 -5.33+8.51j -9.93+8.5H -0.598+0.512i 

t||. -0.249 -9.72-0.533i -9.97-0.533i -0.6-0.0321i 

T§1^'> -11.4 3.73 -6.8 -14.5 -0.892 



V. NUMERICAL RESULTS AND DISCUSSIONS 



We set A at 47r/7r, '^t^Jk and 47r/^ respectively for the pion, kaon and ?7-scattering in our numerical analysis. The 
results for the T-matrices and the scattering lengths at different orders are shown in Table U and IIIIl The positive 

siffn of o^^/^^ f^'^ n^°^ o^^/^) rj^^^ o^^/^^ o'^^ 0^°) ^^^/^^ n^^^ o^^/^^ o'^' and o^^/^^ indicates that 

Sign 01 a^^ , a^^ , a^^^, ^^ttS*' '^ttE* ' ^KA^ ^kt.' ' '^kb*' '^ke*^ ^Kn ' "^ka' kt.* ' lyS* ^^'^ ^-qE* maicates tnat 

the strong interactions for these channels are attractive. 

In Ref. [3^ , the authors used the extended N JL model and got the following tt A scattering lengths: 

aJl = -0.258m-i = -0.364 fm, aJl = 0.172m^i = 0.242 fm, aJl ^ 0.429m^i = 0.604 fm. (47) 

Somehow their results are consistent with ours. 

From the data, one easily sees that the third order contributions are large and the T-matrices do not converge. 
The bad convergence may be mainly due to the large mass of kaon and eta p, |^, [l^, [lO] • Inaccurate determination of 
LECs might worsen the convergence. Another reason probably comes from the heavy hadron framework itself. In the 
meson-baryon case [2£| and the meson- heavy meson case [s^, l3l| , it was found that the recoil corrections are sizable. 
The future investigation of the higher order recoil corrections and LECs etc may answer whether similar features 



TABLE III: Eta-light decuplet baryon threshold T-matrices order by order in unit of fm. 





0{e' 


) 0{^) 0{e') 


Total 


Scattering Length 


7.(3/2) 

^^A 





-0.173 0.338+3.76i 


0.165-H3.76i 


0.00909-F0.207i 


7.(1) 





3.58 1.79-h9.96i 


5.37-(-9.96i 


0.306-l-0.568i 


j.(l/2) 
rj=.* 





4.34 1.23-hll.2i 


5.57-hll.2i 


0.326-f0.655i 


7.(0) 





2.1 -1.35-h7.44i 


0.756-h7.44j 


0.0453+0.446i 
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TABLE IV: Pion-light decuplet baryon threshold T-matrices at 0{e^) in unit of fm. 





Loop i; 


Loop ii: 


Loop: 


Tree 


Total 




Octet Contribution Decuplet Contribution 


Total 


Only Recoil Correction 




7,(5/2) 

TV A 





-1.41 


-1.41 


0.0345 


-1.37 


7,(3/2) 

TV A 


-0.518-L02i 


-0.586 


-l.l-1.02i 


0.203 


-0.901-1. 02j 


7,(1/2) 

-'-TvA 


0.414+0.814i 


1.08 


1.49-H0.814i 


-0.0575 


1.44-h0.814i 


7,(2) 


-0.129-0. 102i 


-2.41 


-2.54-0. 102j 


0.023 


-2.52-0. 102i 


7.(1) 


-0.337-0.509i 


-1.56 


-1.9-0.509i 


0.0977 


-1.8-0.509i 


7,(0) 


0.181+0.509i 


-0.548 


-0.366+0.509* 


-0.046 


-0.412+0.5091 




-0. 129-0. 102i 


-2.57 


-2.7-0. 102i 


0.0115 


-2.69-0. 102j 


71" in,* 


-0.129-0. 102i 


-1.78 


-1.91-0. 102j 


0.0222 


-1.89-0. 102j 


7,(1) 





-1.87 


-1.87 





-1.87 



TABLE V: Kaon-light decuplet baryon threshold T-matrices at 0(e'^) in unit of fm. 





Loop i: 


Loop ii: 


Loop: 


Tree 


Total 




Octet Contribution Decuplet Contribution 


Total 


Only Recoil Correction 




7,(2) 





-9.33 


-9.33 


0.0607 


-9.27 


rW 

-'if A 





3.69 


3.69 


-0.0202 


3.67 


7,(3/2) 
-'ifE* 


0.778-0.178j 


-ll.+6.95i 


-10.2+6.77j 


0.777 


-9.44+6.77i 


7,(1/2) 
JfE* 


0.666+0.355i 


9.47+11. li 


10. 1+11. 5i 


-0.0405 


10.1+11. 5i 


7,(1) 


0.778-0.178i 


-4.99+11. li 


-4.21+10.9i 


0.989 


-3.22+10.9i 


7,(0) 


0.628+0.533Z 


15.8+16.7i 


16.4+17.2i 


-0.0607 


16.4+17.2i 


7,(1/2) 
^ KVt 





8.7+12.5i 


8.7+12.5i 


0.696 


9.4+12. 5i 


j$f 

if E* 
7,(172) 

yfiT 





-2.85+8.34i 


-2.85+8.341 





-2.85+8.34i 





13.6+2.78i 


13.6+2.78i 


0.929 


14.6+2.78i 


0.703+0.178i 


-4.73+ll.li 


-4.03+11.3i 


0.0202 


-4.01+11.3i 


0.816-0.355j 


-3.06+2.78i 


-2.25+2.42i 


1.47 


-0.775+2.42i 


0.703+0.178i 


-6.07+8.34i 


-5.37+8.51i 


0.0405 


-5.33+8.51i 


7,foT* 

ifS* 

7,(172) 


0.854-0.533j 


-12.1 


-ll.2-0.533i 


1.51 


-9.72-0.533j 





-6.86 


-6.86 


0.0607 


-6.8 



occur in the meson- decuplet cases. 

We also show different contributions of the T-matrices at O(e^) in Table HvUVl and lVIl From the values one observes 
that the loop corrections from the intermediate decuplet states dominate. In the pion scattering channels, only loop 
diagrams containing the octet baryons could generate the imaginary part. The contributions from the intermediate 
octet and decuplet baryons have opposite signs in many channels, which is beneficial for the convergence. The 
consideration of the recoil corrections increases the convergence in most channels. 

We compare Ti'^l''\ T^^'^'/'K T^^il"^\ T^^^) , T^^i'/^'^ and T^^^"} with the corresponding rf/'°), T^'^'^'/'K 

T^-^'^^^\ T^~ \ Tj^^'^^^^ and T^j^^^ obtained in Refs. [HI, HI], and find that the results of each pair are equal at 
the leading order, but different at higher order. We also check the following quantities at the leading order. 

These relations are easy to understand with the Weinberg- Tomazawa formula: T ~ Itotihot + 1) ^ Ib{Ib + 1) ^ 
Im{Im + 1) where Itot, Ib, and Im are the total, baryon, and meson isospin, respectively. 

In summary, we have calculated the S-wave scattering lengths of the pseudoscalar mesons and light decuplet baryons 
to the third order in the framework of heavy baryon chiral perturbation theory. We estimate LECs with the resonance 
saturation method. Our results may be helpful to the model construction of the meson-decuplet baryon interactions. 
We hope the future lattice simulation or experimental measurements may test the predictions. 
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TABLE VI: Eta-light decuplet baryon threshold T-matrices at 0{e'^) in unit of fm. 

Loop i: Loop ii: Loop: Tree Total 



Octet Contribution Decuplet Contribution Total Only Recoil Correction 



rp{3/2) 


0.493+0.0439i 


-0.479+3.72i 


0.0145+3.76i 


0.324 


0.338+3.76i 




-0.548+0.0366i 


2.33+9.92i 


1.79+9.96i 





1.79+9.96i 


^(1/2) 


-0.403+0.0219i 


1.3+11.2i 


0.902+11.2i 


0.324 


1. 23+11. 2i 


^{0) 


0.93 


-3.57+7.44i 


-2.64+7.44i 


1.29 


-1.35+7.44i 
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Appendix A: Rough estimation of the O(e^) counter terms 



At this order, the excited baryons contribute to LECs through both tree diagrams and loop diagrams. Here we 
assume the former contribution is much smaller than the latter one. This assumption for the estimation is similar to 
the one used in studying the meson-baryon scattering lengths in Refs. [1, [2^ and the above numerical calculation. 
For a very rough estimate at 0{e^), we only consider the octet resonance containing iV(1440), denoted by R. 

The diagrams one needs to calculate are similar to those in the last column of Fig. [TJ A new Lagrangian should be 
introduced, 



-4>TR 



Tr {R{iv ■ d - 5r)R + R[v ■ F, R]) + Gn(i440)(T^Um^ + R^nTf") + 



(Al) 



where 5b. ~ 500 MeV is the mass difference between N{1AAQ) and the nucleon. In our calculation, we need Sh — 208 
MeV, which is the mass difference between N{\AAff) and A. 

The T-matrices can be obtained by replacing J and W{m) in Eqs. (|13|) and ([T4l) with 



J + Je 



W^,M = W{m) + WR{m), 



(A2) 



where 



Jr 



Wnim) 



^Af(1440)'"if 

127r2/^ {mi — m 



~5l 



\mlh) log ^ + {^mlln - l\) log ^ 



^2 

'-^Ar(1440) 

167r2/4 



-2 



-2(5fllog^ + 2J(5|-m2 log 



3/2 



m > \Sb] 
m < \6r\ 



(A3) 
(A4) 



We show the numerical results at order 0{e^) in Tables IVIIl IVIIII and IIXI The roughly estimated LECs are 
hi = -1.7 GeV-2, = -4-4 GeV^^, h]^ = 3.3 GeV^^, hi = -0.8 GeV^^, and h^ = 0.0 at around the scale iirf^. 
From the tables, we see that the contribution due to the intermediate A^(1440) octet increases the convergence of the 
chiral expansion in most channels slightly. 
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TABLE VII: Pion-light decuplet baryon threshold T-matrices considering A'^(1440) octet baryon contribution in unit of fm. 







0{e') i: 
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0(6-^): 








Old 
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TABLE VIII: Kaon-light decuplet baryon threshold T-matrices considering 7V(1440) octet baryon contribution in unit of fm. 





0{e') 




O(e^) i: 
Old 


O(e^) ii: 
A''(1440) Contribution 


Total, New 


^ KA 


-11.4 


3.73 


-9.27 





-9.27 


^KA 


3.81 


0.917 


3.67 





3.67 


^KT.* 


-3.81 


1.39 
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7.(1/2) 
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7.63 
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-3.22+10. 9j 


1.62 


-1.6-hl0.9i 


^KS* 


11.4 


4.66 


16.4-hl7.2i 


-1.28 


15.1-hl7.2i 


7.(1/2) 


11.4 


3.73 


9.4-fl2.5i 





9.4-hl2.5j 







1.62 


-2.85-f8.34i 





-2.85+8.34i 


15.3 


4.43 


14.6-h2.78i 





14.6+2.78i 


7.(3/2) 

7.(1/2) 


-3.81 


2.32 


-4.01-hll.3j 


0.168 


-3.84-H1.3i 


7.63 


0.92 


-0.775-h2.42i 


2.35 
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-7.63 


3.02 


-5.33+8.5H 
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-9.72-0.533i 
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-6.65-0.533i 
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-6.8 
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